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I. Introduction
As roller coasters go, the information technology (IT) sector has provided quite a ride. The investment in and use of information technology was an important contributor to the rapid growth the U.S. economy experienced during the 1990s. Between 1996 and 2000 the IT-producing sector was responsible for an estimated 1.4 percentage points of the nation's average annual real GDP growth of 4.6 percent, largely driven by business investment in IT products. Since 2000, however, the IT sector has been struggling. In particular, the level of IT Manufacturing output declined sharply as business investment spending on IT declined sharply during the 2001 recession. In 2002 it is estimated that IT-producing industries contributed only 0.1 percentage points to the economy's 2 percent annual growth (Economics and Statistics Administration 2003) .
As described in the next section, the IT boom of the 1990s led to a dramatic rise in employment in IT-producing industries, and the subsequent IT retrenchment resulted in a large decline in employment in the early 2000s. Such extraordinary movement in the labor market presents unique incentives and opportunities for workers. For instance, the IT boom may have led some workers to undertake human capital investments that may not easily be transferable to other industries. In addition, other workers may have experienced expanded opportunities that resulted from having worked in the IT sector during the boom. A goal of the analysis in this paper is to determine whether any general labor market lessons can be learned from investigating the outcomes of workers in the IT sector during a period of volatile employment.
-2 -Because the IT-producing sector is concentrated in a few geographical locations such as California, Texas, Massachusetts, Washington, and Georgia, the IT boom and bust had a disproportionate impact on these locations (Daly and Valetta 2004) . Using matched employer-employee data over the period 1993-2003, this paper focuses on two questions pertaining to the experience of workers in one of the IT centers, Georgia, during and after the IT boom: 1) How did the post-boom earnings of a worker vary by whether or not the worker transitioned out of the IT sector? and 2) How did the postboom earnings of a worker who transitioned out of the IT sector compare to those of a worker who was not attached to the IT sector during the boom? These questions are addressed by comparing the predicted earnings across industry transition paths from a regression of post-boom earnings on boom, and post-boom employment activity, while controlling for pre-boom activity and earnings. 1 II. Employment in the Information Technology Sector, 1993 Sector, -2005 A. The U.S. Experience
The rapid adoption of information and communication technologies in the United States during the 1990s led to unprecedented demand for IT workers. As shown in Figure 1 , from 1993 to 2000 the average number of workers in IT-producing industries in the U.S. increased by approximately 50 percent, almost two and a half times as fast as employment in private sector non-IT industries. By the year 2000, investment spending on equipment and software reached an unprecedented 9.3 percent of GDP (Bureau of 1 Matched employer-employee data have also been used to depict trends in employment and earnings in the IT sector in California (Dardia et al. 2005) and North Carolina (Bowles 2004) . However, these analyses are purely descriptive in nature in that they do not attempt to control for industry selection. Although the rapid growth and decline in employment has not been uniform across all IT industries, the IT-producing sector as a whole had much more volatility in employment levels compared to related non-IT industries during this time period. As displayed in Table 1 The importance of the IT industry in Georgia is represented by the fact that the Atlanta, GA MSA, which represents well over half of total employment in Georgia, was one of the top ten Urban IT centers during the latter part of the 1990s, based on growth in the IT share of payrolls and share of US IT payrolls (Daly and Valetta 2004) .
The IT employment trends for Georgia during this time period are roughly similar as that for the U.S., thus it is expected that inferences based on analysis of Georgia's experience will be representative of the overall U.S. experience (see Figure 1 and Table   2 ). Between 1993 and 2000 average annual employment in Georgia's IT-producing sector increased by 65.3 percent. Over the same period, non-IT employment increased by 28 percent. By 2000 the IT-producing sector in Georgia represented 6.2 percent of total private sector employment. From 2000 to 2003, Georgia experienced a 20 percent decline in employment in IT-producing industries, whereas non-IT employment declined 3.1 percent. At the IT sub-sector level the trends between the US and Georgia are also similar, although employment at providers of communication services grew somewhat more rapidly in Georgia than in the US from 1993 to 2000, and also declined more rapidly from 2000 to 2003.
[ Table 2 here] -5 -
III. The Data and Sample Construction
The data used for the analysis come from two sets of state administrative records compiled by the Georgia Department of Labor for the purposes of administering the state's Unemployment Insurance (UI) program. The program provides almost a complete census of employees on non-farm payrolls, with information available on approximately 97 percent of non-farm employees. The Individual Wage file contains information on a worker's total quarterly earnings from an employer. 4 Regrettably, the Individual Wage file contains no additional information about the worker's demographics (e.g., education, gender, race, etc.) or about the worker's job (e.g., hours of work, weeks of work, or occupation). However, the worker's earnings can be tracked over time using a worker ID number and linked to an employer via a firm ID number. 5 These data are highly confidential and strictly limited in their distribution.
The Employer file contains records on all UI-covered firms and includes establishment level information on the number of employees and wage bill, as well as the NAICS classification of each establishment. 6 Because the Individual Wage file contains a firm rather than establishment identifier, a choice of which NAICS code to assign to each worker who was employed by a multi-establishment firm is required. Following the 4 Included in earnings are pay for vacation and other paid leave, bonuses, stock options, tips, the cash value of meals and lodging, and in some states, contributions to deferred compensation plans (such as 401(k) plans). Covered employer contributions for old-age, survivors, and disability insurance (OASDI), health insurance, unemployment insurance, workers' compensation, and private pension and welfare funds are not reported as wages. Employee contributions for the same purposes, however, as well as money withheld for income taxes, union dues, and so forth, are reported even though they are deducted from the worker's gross pay. 5 See Haltiwanger et al. (1999) for a collection of studies using these and other employer-employee matched data sets. 6 White et al. (1990) provide an extensive discussion about the use of these employment data, commonly referred to as the Quarterly Census of Employment and Wages (QCEW), or ES-202 data.
-6 -Department of Labor convention, a 6-digit NAICS code is assigned based on the largest share of the firm's total employment.
A. Sample Selection Criteria
The data are restricted to private sector workers outside of the mining, natural resources, and agriculture sectors, due to the small share of total Georgia employment and the fact that less than half of agriculture workers are covered by UI. Government employees are excluded because they have been found to be quite distinct from private workers in their rates of pay, turnover, and sensitivity to economic conditions (McConnell et al. 2003) .
Workers with a miscoded identifier or workers whose identifier was included multiple times in one employer's Wage file are dropped from the sample. Additionally, quarterly earnings are top-coded at $100,000, so workers were dropped if their nominal earnings were equal to $100,000.
Ideally, some control for part-time versus fulltime employment would be included in the analysis. However, a limitation of the data is that there is no information on the starting date of employment, other than the quarter it occurred, or how many hours the employee worked for the firm. Thus, the sample is restricted to those who have real earnings that are at least $3,000 per quarter, in an attempt to capture only full-time workers. 7
In addition, because a worker may start or stop employment at anytime during a quarter a worker's earnings are only included if they worked for the same employer in the previous quarter and the following quarter. Utilizing only interior quarters of earnings increases the likelihood that the same firm employed the individual for the full quarter.
-7 -Following the methodology of Dardi et al. (2004) , individuals with a simultaneous interior quarter of earnings from more than one employer are assigned a firm ID based on the employer from which the worker received his/her greatest earnings during that quarter.
B. Sample Time Period and Modal Activity Definitions
The data are available from the first quarter of 1993 to the fourth quarter of 2003 (44 quarters). For the purposes of the analysis it is necessary to split the sample into three time periods. Using the quarterly aggregate employment data it is determined that the peak of employment in the IT-producing sector occurred in the fourth quarter of 2000. This peak is used to define the end of the boom period. The post-boom period is from the first quarter of 2001 to the fourth quarter of 2003. The beginning of the boom period is less easily identified. The growth rate in IT employment in Georgia began to deviate from the growth in the non-IT sector during 1995. Thus the boom period is defined as the period from the beginning of 1996 to 2000. Given that the data is available from the first quarter of 1993, the pre-boom period is then defined as all quarters from 1993 through 1995.
In each of these three periods a worker can be either absent from the data set, working for one employer through the whole period, or working for multiple employers during the whole period. A worker's modal activity, absent or employed, is defined as that activity in which he/she is observed during most of the quarters of the period. The worker's modal NAICS is the industry in which the worker spent most of his/her -8 -employed quarters. Analogously, a worker's modal wage during any of the periods is the average of the earnings received while employed in the worker's modal industry. 8
In order to have a complete earnings history on individual workers the sample is restricted to individuals with employment as their modal activity in all of the three time periods. In effect, the 11 years of panel data is collapsed into a single cross-section with an individual's earnings, primary activity and characteristics identified for each time period.
C. Sample Means
The average real annualized earnings for workers in the sample by industry and time period are reported in Table 3 . The reported average earning are higher than the population as a whole because of the sample restriction requiring employment to be the modal activity in all three periods; the sample is likely comprised of older, more experienced workers whose average earnings exceed the average of all workers. In general, workers in the IT-producing sector have higher wages than workers in non-IT industries in all three periods. IT Manufacturing is the lowest paying IT sector, but still considerably higher paying than non-IT Manufacturing. Computer and Software Service workers are the highest paid.
Sample means for the variables used in the regression analysis are in Appendix B, Column 1. On average, workers in this sample had 31 quarters of Georgia work experience and slightly more than one employer in any given quarter. Job mobility within each of the three time periods is measured by the total number of unique employers a worker had during a period, normalized by the number of quarters in the period. Workers averaged 0.08 employers during the boom period and slightly more (an average of 0.1 employers) during the pre-boom and post-boom periods. 9 This suggests that employment was slightly more stable during the boom period than during the postboom period. [ Table 3 here]
IV. Individual Earnings Analysis
To analyze whether being a participant in an IT industry during the IT boom resulted in any post-boom earnings advantage, a workers' average modal earnings during the post-boom period are modeled as a function of pre-boom, boom, and post-boom employment activity, and pre-boom earnings: Todd and Wolpin (2003) . Zoghi et al. (2004) provide a labor market application of the added-value methodology 11 The estimation results absent the pre-boom controls are available from the authors upon request. The results are qualitatively similar to those presented here, but suggest a much larger positive impact of having been employed in the technology sector during the boom than when the pre-boom controls are included.
-11 -experiences during the pre-boom period. This is important if, for example, high-earning individuals were more likely to follow a specific industry transition path. Not controlling for the potential industry choice dependence of earnings could lead to the conclusion that this particular transition led to higher post-boom earnings when in fact it was just higher earning workers who chose this path.
The regression results are presented in Appendix B, Column 2. 12 Consistent with human capital theory, workers are rewarded for having more labor market experience.
The greater the number of quarters spent working, the more human capital is accumulated, and the higher the earnings. A higher rate of changing employers also has a positive effect on earnings in all three periods, with a smaller return in the post-boom period. This suggests that workers are able to chase higher wages by switching employers, especially during the boom and pre-boom periods. The smaller effect in the post-boom period likely reflects the greater degree to which employer changing was involuntary during this time period.
There is a post-boom benefit to having had more employers in a given quarter during the pre-boom period, suggesting that workers with more simultaneous employers accumulated more transferable human capital skills. However, there is a penalty for having multiple employers in a given quarter during the boom and post-boom periods.
The estimated coefficients are used to simulate predicted annualized earnings for workers during the post-boom period based on their industry of employment during the boom and post-boom. These simulations, which are presented in Tables 4 and 5, are performed keeping all other characteristics of the worker, including pre-boom -12 -employment and wages, constant. To the extent that pre-boom employment characteristics have successfully controlled for individual heterogeneity, these predicted post-boom earnings will have been stripped of the human capital and individual selection influences on earnings comparisons and yield the pure industry impact of a worker's employment path.
[ Table 4 here] The first column of Table 4 indicates the industry transition path. The second column gives the annualized predicted earnings based on the simulations with all variables held constant except the boom and post-boom industries. The third column compares the predicted post-boom earnings of a worker who transitioned out of a given industry to the predicted earnings of a worker who remained in that industry.
In general, workers who exited the IT sector during the post-boom period have lower predicted earnings than workers who remained. This lower wage, combined with the fact that layoffs were common in the IT sector post-boom (Economics and Statistics Administration 2003), suggests that, on average, the separation from the IT sector was involuntary. The largest predicted relative wage decline is for workers in IT Service industries who moved to a non-IT Service industry; the predicted earnings for these workers are between 23 and 26 percent lower than workers that did not leave IT Services.
Post-boom movements within the IT-producing sector are generally associated with a predicted wage benefit. For instance, both IT Manufacturing and Software and Computer Services workers that transitioned into the IT Communication Services industry post-boom are predicted to earn more, on average, than workers that remained in their respective industry.
-13 -In all cases, transitioning into an IT-producing industry from a non-IT industry also resulted in predicted relative wage gain. 13 This premium from transitioning into the IT sector during a period of declining employment supports the findings of Hotchkiss et al. (2004) , who found that workers that are hired by a firm while the firm is downsizing experience a significant earnings boost.
The largest gains for transitioning came from entering the IT Communication Services industry, with premiums ranging from 19 to 35 percent. However, workers leaving IT Communications Services also experienced substantial wage penalties from any transition. Together, these results may suggest the presence of some other wage premium accruing to workers in the Communication Services industry in addition to any wage effects associated with transferability of human capital.
IT Manufacturing workers that moved to a non-IT Manufacturing job post-boom have predicted earnings that are on par with those of other manufacturing workers, and those moving into non-IT Service or Construction industries earned less than those with no IT Manufacturing experience. A similar result holds for non-IT Manufacturing workers, suggesting that the predicted wage losses are partly attributable to the lack of transferability of manufacturing specific skills outside of manufacturing.
The results in Table 4 demonstrate the costs and benefits associated with a given industry transition relative to the boom-period industry of employment. Table 5 compares the predicted earnings of a worker from the perspective of the post-boom industry of employment. Having controlled for pre-boom individual characteristics, these results provide evidence of the costs or benefits associated with having worked in an IT-13 Given the declining employment levels in the IT sector, the number of intra-IT employer changes and transitions into the IT-producing sector is not large in the sample -see Appendix E.
-14 -producing industry during the boom relative to having taken a non-IT employment path.
The predicted earnings suggest that although boom-IT workers that transitioned to non-IT employment post-boom earned less than the boom-IT workers that did not transition, the earnings level is higher than if they had not been employed in the IT sector during the boom. In general, there is a post-boom benefit to having been employed in the IT sector in the boom period. For example, a boom-period IT Software and Computer Service worker that worked in non-IT Manufacturing during the post-boom period is predicted to have earned approximately 20 percent more than non-IT Manufacturing workers with no IT-experience. This likely reflects the fact that the computer and software skills obtained during the IT boom period were transferable to the non-IT Manufacturing sector (such as designing and programming automated systems, maintaining networks, etc).
V. Summary and Potential Implications
There was a significant employment and wage boom in the IT-producing sector during the 1990s. Employment grew rapidly during the period from 1996 to 2000, and the workers in the IT-producing sector were paid a substantial wage premium over workers in non-IT industries during this time. After controlling for individual characteristics prior to the IT boom, it is shown that workers who were able to maintain their attachment to the IT sector after the boom ended in 2000 could expect to maintain this wage premium whereas those that transitioned out of the IT sector in the post-boom period expected relatively lower wages. However, the results also show that while those leaving the IT-producing sector post-boom expected wage reductions, workers transitioning from the IT Service sector were still predicted to fare better than those that -15 -did not have any IT attachment during the boom. In other words, it appears that having worked for an IT Service provider during the boom period boosted those workers' earnings in their post-boom, non-IT sector employment.
The results in this paper suggest some important lessons that might be generalized to the labor market as a whole. For example, an industry is unlikely to be able to sustain unusually accelerated employment growth and workers are likely to suffer an earnings loss when this growth subsides. This is evidenced by the earnings losses predicted for most of the IT workers who left the IT sector after the boom. Furthermore, workers that take a potentially risky chance on joining a fastgrowing sector do not necessarily get burned in the end. While post-boom earnings were predicted to be lower among workers who left the IT sector, relative to those who stayed in IT, most workers who left fared better than if they had been employed in a non-IT industry during the boom. This suggests that taking a chance yielded an earnings advantage for IT workers.
Lastly, this advantage of transitioning from a fast-growing sector after its boom appears to be more related to the transferability of skills to other sectors rather than mere identification with the booming sector. This is evidenced by the lower predicted postboom earnings for workers employed in IT Manufacturing during the boom, but employed elsewhere post-boom. This is likely due to the non-transferability of manufacturing experience. In contrast, boom-IT Service workers, who likely possessed more easily transferable skills, were predicted to enjoy a significant post-boom earnings advantage over boom non-IT workers, even when transferring to non-IT industries. 1,251,209 Note: All variables are significant at the 99 percent confidence level except the (preboom earnings*pre-boom software and computer services) interaction term, the (boom service industry) indicator, the (post-boom IT Manufacturing industry) indicator, and the(pre-boom earnings*post-boom IT Manufacturing) interaction term. Manufacturing is the excluded sector category in all three time periods.
